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Astrochemistry

 =   Study of chemical species in astrophysical environments 

Depends on:

● species present
● radiation (UV & cosmic rays)

● physical conditions 

+ feedback on environment

Introduction
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AGB 
star

AGB circumstellar envelope (CSE)

● Mass loss → outflow → large envelope

● Rich chemistry;

> 100 molecules, 15 dust species
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AGB circumstellar envelope (CSE)

Introduction
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● Mass loss → outflow → large envelope

● Rich chemistry;

> 100 molecules, 15 dust species

→ Enrichment of the ISM 

Adapted from Tielens (2005)
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Motivation of research
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AGB outflows 

Motivation

Source: M. Van de Sande6
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AGB outflows 
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physics

chemistry

Source: M. Van de Sande

Motivation
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AGB outflows 
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physics

chemistry

observations

Source: M. Van de Sande

Motivation
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Aim
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“How sensitive is the chemistry to 

the physics around AGB stars?”

Aim
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“How sensitive is the chemistry to 

the physics around AGB stars?”

Aim
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abundance
envelope size

outflow density
temperature profile
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Modelling
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1D-CSE model1
1 based on UMIST Database for Astrochemistry
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1D-CSE model1

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

1D-CSE model1

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

Smooth outflow

1D-CSE model1

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

Smooth outflow

1D-CSE model1

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

Smooth outflow

Initial set 
of 

species 
(parents)

1D-CSE model1

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

Smooth outflow

Draine 
UV field

1D-CSE model1

Initial set 
of 

species 
(parents)

Modelling

1 based on UMIST Database for Astrochemistry



Silke Maes  -  Torino Workshop 2022  -  25/06/’22  

10

Gas-phase only

Smooth outflow

Photochemistry

1D-CSE model1

Draine 
UV field

Initial set 
of 

species 
(parents)

Modelling

1 based on UMIST Database for Astrochemistry
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Gas-phase only

Smooth outflow

Network:

Rate121 
(McElroy+ 2013)

~ 500 species

> 6000 reactions

1D-CSE model1

Photochemistry

Draine 
UV field

Initial set 
of 

species 
(parents)

Modelling

1 based on UMIST Database for Astrochemistry
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production reactions destruction reactions

Chemical kinetics

● Non-equilibrium thermodynamic & chemical conditions 

Arrhenius law:

11

Modelling
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Grid

● Input: 
- mass-loss rate
- expansion velocity

- stellar temperature
- temperature coefficient

- parent species:   C-rich vs. O-rich
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Modelling
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Grid
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Outflow density: 

Modelling
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Grid
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Temperature  profile: Outflow density: 

Total number of models: 34 020

Modelling
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Grid
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Total number of models: 34 020

reference 
temperatureTemperature  profile: Outflow density: 

Modelling
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Results: sensitivity study
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Results
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Sensitivity study

C-rich outflow
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C-rich outflow

Sensitivity study



Silke Maes  -  Torino Workshop 2022  -  25/06/’22  

Results
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density
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Results
Arrhenius Law:

Network:
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Energy barrier

C-rich outflow

Sensitivity study
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Results
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Network:

“Inheriting” of profiles

Sensitivity study

O-rich outflow
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Results

18

Negative beta-exponent

C-rich outflow

Sensitivity study
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Envelope sizes
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e-folding radius

Sensitivity study
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Envelope sizes
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C-rich outflow

Sensitivity study
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● Temperature variation per density

Envelope sizes
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● Temperature variation per density

● Linear relation → fit in log-scale
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● Temperature variation per density

● Linear relation → fit in log-scale

● Effect of CO self-shielding:

dependent of expansion velocity

Envelope sizes

20

C-rich outflow

Sensitivity study
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Envelope sizes: comparison to literature/observations
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Sensitivity study
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Envelope sizes: comparison to literature
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Sensitivity study



● Abundances vary with      density
                                                   temperature    →        -   energy barrier
                                                                                                     -   ʻinheritanceʼ
                                                                                                     -    beta < 0

● Missing chemistry for SiS?

→ chemical thermometer?

Conclusions
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Thank you!

Contact:
silke.maes@kuleuven.be 

Maes et al. (in prep.)
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